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THE GENPrnC^ EVAITJATION OF A TAXONOMIC 
CHARACTER IN DITHYREA (CRUCTFERAE) 

Rked C’. Rollinh 

Dev'elopiiig accuracy in the evaluation of plant characters and 
characteristi(;s for taxonomic purposes is a long-standing prob¬ 
lem. When differences are found between groups of plants 
which otherwise appear to be related, the immediate question 
arises as to what these differences mean. Specifically, what do 
the differences mean in terms of the genetic make-up of the 
natural group to which such jjlants belong and how valuable are 
they as taxonomic criteria? In our efforts to interpret speciation 
in relation to a given species oi‘ a group of spe(*ies, we wish to 
rely upon those characters as indicators of relationship (or lack 
of it) that are so deeply seabal in the genetic constitution of the 
species that they cannot l)e easily ol)literated or greatly modified 
by the direct effects of any given simply segregating factor or 
combination of segn'gating factoi’s. In general, the kinds of 
characteristics that offer the gieatest po.ssibilities for taxonomic 
reliability are those that arc^ dependent upon a multiplicity of 
genes and geiu' c.ombinations foi’ tluur ultimate expression—genes 
that ar(‘ not in a singh' liiu'ar se<|U(mce of interdepcmdency, but 
genes in many s(Mi('S whos(‘ int(‘racti()n in a highly complex way 
results in tlu' final structun^ or function. It may also 1 h‘ suggested 
that, any given charact(Mist.ic thus dejamdent U|)on a. complex 
genetical sysUmi, which is de('ply situat(‘d within tlu^ genotype, 
becomes protected from radical changx^s by the build-up of inter¬ 
dependencies between it and other characteristics, some of which 
may be vital to survival. Thus the species phenotype persists 
over many generations, little altered in basic pattern by the 
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Humorous minor sou;ro^ations tiuit account for tin* usual \’ai’ia.1.ion 



At the otlu'r end of the scab', chai’act(‘ristics und(“r tlic control 
of the simph'st gtmo systems an* expected to he least, ri'liahh* as 


I h( 



classification. Sindi chai’actcnislics wonid he (“asil\ 



modified or suppressed hy repetitious mutations, gem* rcarrang<‘- 
ments or by ordinary segn'gation. In conse(nn*ncc, it is probably 
a.ccurate to say that tin* more simply a charact(‘r-<lifT(*r('nc(* is 
inh(*rited, tiu* l(*ss reliabh* it is as a c,rit(*rion of sp(*cialion. 'Flu* 
converse of this proposition, that the gi'(*at(*r tIu* complexity of 
inlH*ritance ol a charact(*r-difiVr(*nc(' the mor(* reliabh* it is as a 
criterion of speciation, se(*ms (*(inally t(*nabl(*. In trying to 
(evaluate a given gen<*tically controll(*d charactei'istic, an im- 
j)oi’tant attack on tin* |)robh*m is to d(*t(*rmine 
comj)lexity of its inh('rilanc(*. 

()ne reason that taxonomic chaiactei's 'per sc ha\ (‘ not be(*n 
frefUK'iitly snbject(*d t-o g('n(*tic analyses is that, this is \’(*ry tiim* 
consuming and i'elativ<*ly unrewarding. The iH'sults of such (*x- 
p(*rimental work, though answ(*ring the specific (]uestion r('gard- 
ing the natuix* ot tln^ taxonomic chai'act(*r, oft(*n do not, ha\(* 
broader implications. (.i(*n(*i’alizat,ions can only rarely lx* mad<* 
Ix'cause tln^ ap|)licabilil,y is or may lx* i('strict(*d to tin* immediati* 
group und{*r investigation. lIow(*v('r, it is important for tlx* 
long term to have* manv moi'e cas(*s work(*d out than aix* now 


km)wn. intimately th(*s(! will provide sab* guid(*s to prop(*r 
(•haracter-(‘valnations, which is om; of tlx* cnrr(*nt ix*(‘ds of 

taxonomv. 

In woi'king with the Crucifcrac o\'er a p(*riod of y(*ai’s, I have* 
olten enc,ount(*red situations wh(*r(' “piH'.seix'c” or “abseix'e” of 
lrichonx*s appear(*d to lx* of trivial signiticaix‘e (It) 10, 1952). 
llowev(*r, without actually t(‘sting a giv(*n ca.se, it was m)t 
po.ssible to know wh(*tlx*r tlx* ab.s(*nc(* of an indnnx*nl in a gixx'ii 
population, in an otlx*rwis(* putx*.sc(*nt, s|x*ci<*s, was (‘n\'iron- 
nx*idally iixiuced or wh(*th(*r it was uixl(*r g(*ix*tic control. An 
opportunity to exp(*riment with tlx* pr(*s(*ix*(* an<l ab.s(*nc<* of a 
d(*n.se co\'(*ring of trichomes on tlx* frnits of Dilhi/rcd W'islizenii 
l*aig(*hn. canx* wlxm a population of this sp(*ci(*s was found 
aving both glalu’ou.s- and pnb(*s(*(*nt-frnil(*d tyjx's growing 
togeth(*r neai’ Sacaton, .Arizona, d'lx^ fruits of individual |)lants 
ol both tlie glabrous tyj)e and tlx* pubescent typ(', W(*r(* colh'cti'd 
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I’l^A'i'K I 1'l(jvv(*rs and fi*uit.s of Ihtfnjrt'n H ishzi*fiii I* 1 1, a d<“\cIopiiKaital 

fSiTias from (lowrr to rnatiin* fruit of a puljoscofit-fniitod type. Iii li^r. 1, the pctal.s, 2 .sepals 
and t.ho 2 ti(*ar stamoiis have IxM'n removed to mak(‘ tlu* ovary visihh*. 'ldu‘. .same apt»li(*s to 
o. f) 7. a. dev(‘lopim‘ntal serie.< from flower to mature fruit ctf a. i'lal)rous-fruited t,yj>e. 
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and kept separate for testing i)nrpos('s. The difference hetwecai 
lh(‘ glabrous sili(|iies and pul)(*sc(‘nt sili(jues is v'ery striking, as 
may be s(ien in Plate; 1233. dd\e obj(;(;tiv(* of the following (‘x- 
j)(M-im(;nts was to deterniin<; the* gcMietic nature of glabrous vs. 
pulx'scent sili((U(‘s in this specie's. 


run W'lM) Pom i>A'ri<).\ 

d'he; s|)(‘ci(‘s, Ditlu/rca ir/.s7/~c////, extends from western Okla¬ 
homa and 4\‘xas to soutlu'i’n l^tah and Xe'vada, and to Arizona 
and northeastern ]\Iexico. It is common in sandv and loose 
granitic soils and often forms lai’ge stands composed of s(‘vei'al 
thousands ol individuals. Up to the' pre3.sent, a single glabi'ou.s- 
fruite'el Dilhi/rea, presumably clo.se'ly re'late'ei te) I). Widizenii, has 
leeen re'e'e)gnize'el as being of some' taxe)ne)mie' weerth. We)e)te)n 
anei Stanelle;y (1913) originally eh'-se-ribe'e! it at the spee-ies le've'l 
as I). (inffitliHii anei it was late'r le'ehie'e'el tee varie'tal rank b\' 
I^ayse)!! (191<S) uneler D. Wi.diz( nii. In the' Sae'aton pe)pulatie)n, 
whie'h |)re)viele'el the material fe»r the' feille)wing experiments, me)st 
e)l the* plants pexsst'sseel pube'se-e'iit fruits, but there was a ge>e)elly 
numbe'r of glabrous-fruite'el inelivieluals. C'ire'Umstane'e*s eliel neet 
pe'iiuit a eh'finite e‘e)unt eef pube'se-e'iit vs. glabrenis plants in the' 
wilel pe>pulatie)n. He)we\'er, a re)Ugh e'stimate was reccu'ele'el sug- 
ge'sting that the pubexse'e'iit type pre'eheminateel at least thre*e te> 
e^ne*. 4'he're* we'i'e* ne) inte'riiiaele's. Fhe' wilel 






either glabrous fruits e)r pube'.se-e'iit fruits anei none .she)we'el a 
graelatieen from one conditieen tee the' e)the'r. 


l^ueeejKXY Tkst e)F Si;i:n Pahkxt.s 

Pe)ur le)ts eel seeds ire^m the' wilel ))e)pulation were' gi'tewn te) 
provide i)lants fe)r e're>.ssing purj^eese's. l']ae'h see'd lot e-ame fi'e)m 
a single' wilel plant, which hael be'e'ii e)pe'n j)e)llinated uneler natural 
e'eenelitieens. d'lu' plants e)f e'ulture' numbe'i’s ('-1 anei ('-4 we*re; 
l)re)elue'e'el freem glabie)us-frui(e'el pare'iits, (’-2 anei C'-3 weu'e fi'eeni 
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pulx'scoiit-lruitoil j)aronts. rahlo I j^iv(*s tlu' classification <•! tla* 

plants of each culture. 

It, is of some interest that the proj>;(‘nies of both pulx'scent 
plants turned out to be unifornily pub(‘scent ev(Mi t.hou}i:h t.hcre 
had been no pollen control on the parent plants. 

Pollen mother-cell smears were made to rev^eal the c.hromosonn' 
number of both glabrous and pulx'scimt plants. In each case* 
the number n = 5 was found. 



CUOSSHS AND RksULTS 

Three types of (a’oss(‘s w(mx^ made using various combinations 

from the four cultures originally grown from the wild 

listed in Tal)le 1. These wimh* glalu'ous X glabrous, glabrous X 

pubescent, and pubescent X pubescent. In addition, 1-1 

pidx‘.scent plants were plac(‘d together in an isolated greenhouse 

wlu're inter))ollination was permitted to b(' (*tt('ct(*d by the 

insects normally present. In each of tia* three types of controlhxl 

crosses, bagging with muslin, emasculation and hand jjollination 

W(‘re practic('d. ('ontrols to check tlu‘ procedures were carri(Ml 

along with tlu; (experiments. Tlies(‘ showed that j)ollen control 

was effectiv(*. All crossc's w('r(! cariTxl out reciprocally. Ess{*n- 

tiallv the same results wc'n* achieved ivgardless of tlu* direction 
% 

in wliich the pollen was carried except for the reciprocal of 
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2. ULAiniOUS X GL.\UROUS 
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I’UOGKXY 
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cni-sciu 


.Ve. 

Ao. 

.Vc. 




])l(infs 

(jlahrons 

piibrsnnt 



(’1 -1 X Cl-3 

17 

12 

f) 



rci*ii)r(X‘al 

7 

f) 

2 




24 

17 

4 

IS; 0 

.10 

( ’ 1 -4 X ('4 9 

20 

lo 

5 



rtecipnxuil 

6 

-t 

2 




20 

19 

4 

1 !).r> : (i.f) 

.07) 

('1-7 X C4~7 

12 

9 

;i 



rooi|)n)cal 
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1 




20 

10 

1 

1 f): 5 

.200 

Total 

70 

52 

IS 


.287 





p = 

= .98-.95 
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pubescent Cl-5 9 X glabrous CT-7o'. In this case, the 
reciprocal did not produce any filled seeds. The significance of 
this failure was not determiiKHl. 

In addition to tlu' results shown in Tables 2, 3 and 4, fourteen 
progenies of pubescent plants open pollinated from pubescent 
|)lants were grown. The.se amounted to 150 plants, all of which 
po.s.sessed pub(*.sc(*nt silicpies. 



3. OLAHROUS X I’UHKSCKNT 

CROSS 

rROGKNY 

1:1 RATIO Cm-.SQUARE 

.Vo. 

.Vo. 

A’o. 

plants 

glahrniis 

pnhcscnit 

Cl-7 X Cl-5 0 

0 

0 


reciprocal 10 3 7 



10 

3 

7 

5:5 

1.00 

Cl-() X C4-S 

12 

.3 

9 



r('ci))r()(*a.l 

11 

4 

i 




23 

7 

10 

11.5:11.5 

3.52 

('4-13 X C4-r. 

(1 

4 

2 



reciprocal 

14 

f) 

9 




20 

0 

11 

10:10 

.20 

C4-10 X C4-14 

17 

0 

11 



n'ciprocal 

0 

3 

3 




23 

0 

14 

11.5:11.5 

1.08 

Total 

70 

28 

48 


0.40 






P = .2-.1 

I’oolcd Clii-s<iuar(‘ 

(1 ,if) 




5.26 






P = .05-.02 

Heterogeneity Chi- 

-!^<iuarc 

(3 df) 



1.14 


P = .3-.7 


The re.sults are ('asily (‘xplainable if it is assumed that a single 
g(‘nc pair is operative in producing the glabrous or pubescent 
condition of the siliciues. From the data, it is obvious that the 
pubescent plants are homozygous and rece.ssive. Thus the g(Mio- 
type of the pube.scent plants may be designated gg. When such 
a plant is crossed with a glabrous heterozygous individual {Gg), 
the resulting progeny should show a 1:1 ratio of glabrous to 
pubescent plants. In table 3, results from four different crosses 
between glabrous and pul)escent plants are given and the Chi- 
square test for goodness of fit to a 1:1 ratio is provided. The 















lvli(»<l(tra 


I VoL. 00 



'rAULK 4. ITHKSCKXI' X I’U 15KSCKXI' 
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('2 7 X (’2 S 

n>cipr(»(*al 


\ (). (/Itthnnin 

I) 
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Xo. piihcsrcitt 

I I 
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(2 X (’;i-9 
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0 

0 


12 

10 
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('.4 (•) X (';■{ 7 
reciprocal 


0 

I) 


IN 

i:i 

2S 


0 


(Mil X (M-12 
reciprocal 


0 


4'(.tal 
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0 


41 

17 

;{() 

47 

1 IS 


nuinlxM's of plants in (li(‘ \arious pr()f>(Mii(‘s an* small and t.lu* 
possihilitv of rosults dirtVrc'iit from those shown should p<‘rhaps 
not 1)(* rul(‘d out comph'ti'ly. Ilow(*vei‘, the evidene(* strongly 
favors a 1:1 ratio and t.lu* assumption of a het('rozyj<;ous (f/f/) 
plant as the glabrous parent in each cross seems justifi(‘d. 

If h(*t(*rozygotes are eross(*d, a .‘1:1 ratio of glabrous to |)ub('se(‘nt 
is tt> be expected, d'abh* 2 giv(*s the <lata on three glabrous X 
glabi'ous crosses and tlu* n'sults show convincingly that a 11:1 
ratio of glabrous to pul)(*sc(*nt was obtained. It seems peidee-tly 
saf(' t,o assuim* that each of the six |)arents was of the (ionstitution 
(i<j with resp(*et to tlu* g(*n(!s in control of t,he glabrous vs. pubes¬ 
cent condition. I*]vid(*nt.ly no homozygous dominant plants w(*r(* 
us(*d in the exp(*rinu*nts. Such plants could not lu* distinguished 
from tlu* lu*terozygot(*s j)henotypically. 

1 liscrssio.x’ 

Tlu* m(*ehanism of g(*netic control of glabrous vs. pub(“se(*id 
sili(|U(*s in Dithifrra Wislizc/iii is obviously a relati\'(*ly simph* 
one. lM)r this r(*ason, it is sab* to r(*j(*ct tlu* phenotypic eharae- 
t.ciristie of glabrous sili(nu*s as ha\’ing no significance* for taxo- 
nomie; purposes. Plants with this eharaeteristic an* (‘xp(*et(*d to 
occur without resp(*ct to phvlog<*n(dic ndationship in tlu* popula¬ 
tions of the speci(*s. In fact, this is (*xactly what oiu* finds. 
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(llal)rou.s-triiil(!(l plants are I’ountl in D. Wi.^lizenii proper and in 
I). Wisliz enii var. Palmer i. I''urtliermore, j^labrous-fruited 


plants are found more or l(‘ss throuj^liout the g(‘ographical range 
ot the species. On the basis of collections in the Gray Her¬ 
barium, the pubescent type appeai-s to t)e more common than 


the glabrous, (’ollec.tors evidently distinguish between the 
glabrous and pubescent plants in tlu* field because there are but 
three mix(*d colh'ctions amonji 84 diffen'nt oiu's available in the 



herbarium. Six of tin* colh'ctions have glabrous fruits and 75 
havT pub(‘scent fruits. 

In my own field (‘xperi(Mice, I ha\'e (‘xamined four different 
j)opulations of D. WisUzenii, one in Texas, two in Arizona and 
OIK' in N(!w M(!xico. In three* of ttu’se populations, I was unable 
to locate* any glabrous-fruiteel plants. The femrth population 
yie*lele'el the* material re*pe)rte‘d on above. This e*vidence addeel tee 
that from herbarium material mak(*s it epiite clear that puleescent- 
fruiteel plants p!‘e*elominate* in the* spe*e'ie*s. If pubescent siliejnes 

the* he)me)gyge)us ree-e'.ssive* e'ondition, as indicated by 
the* analysis e)f the eene po|)ulation, a more prevalent occurrence 
of the glabreeus type* would be e*xpe'cte*el throughout the species 
as a wheele unle*ss there* are* positive* fae*tors operating to select 
against it. Heewever, we ha\ e* lu) way of knowing about this at 
t.he pre*se*nt time. One* e)bse*rvation may be pertinent to any 
ultimate explanation for the* prevale*nce* of the* pubescent-fruiteel 

It is that the* plants of D. Wislizcnii are self ine-ompatible. 
4’he e*h aneexs eef the* ae*e*iele*ntal e*slablishment e)f predominantly 
glabrenis-fruiteel peepulations through isolation are considerably 
re*elue*e*d as eaempareel with a self ceempatible species. 



(’e).\CLi sioxs 

The* glabrous-fruite*el ce)nelitie3n in Diihyrea M'islizenii, whie‘h 
j)re)vieled the e-hief basis for elescribing I). Griffithsii Wooton and 
Standle*y as a se*parate* spe*e*ie*s, is a simply inheritc^d characteristic 
uneler single ge*ne* e-einti’ol. (llabrou.s-fruited heterozygotes when 

])roeluce* a sim|)le* me*nelelian 3:1 ratiee e)f glabrous- tee 
|)ubese*e*nt-fruit e*el plants. Cllabrous-fruiteel hetereezygotes 



creisseel with i)ubesce*nt-fruited plants preeeluce approximately a 
1:1 ratie) of glabrous to pubescent plants. Pubescent-fruiteel 
plants e'losseel with e*ae*h e)ther produce only pubescent-fruiteel 


offspring. The 



plants studied all proved to be 



